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DESIGN  OP  PROPOSED  ARCH  RIB  CONCRETE  BRIDGE  FOR 
NORTH  SHERIDAN  R0./U3,  WAUKEG.'^,  ILL. 


The  city  of  Waukegan,  111, ,  is  cut  by  a  large  ravine 
varying  in  width  from  200  feet  to  350  feot,  dividing  the  town 
in  two.    The  main  business  street  of  the  town,  and  North 
Sheridsui  Road  cross  the  ravine,  and  both  are  carried  by 
steel  structures  across  it.     The  one  on  Sheridan  Road  is 
composed  of  three  spans  of  51  feet  each  resting  on  two  towers. 
The  outline  of  the  structure  is  represented  on  the  profile.  It 
was  erected  about  25  years  ago. 

Owing  to  the  profile  of  the  street,  the  sloping  sides 
of  the  banks  made  it  difficult  to  determine  the  number  and 
lengths  of  spans  that  would  be  practible,     Anumber  of 
tentative  designs  were  considered,  namely;   (1)  a  central  span 
of  130  feet  with  50  foot  approach  spans,   (2)  two  equal  spans 
of  100  feet  each,  and  (3)  a  single  span  of  150  feet  with  re- 
taining wall  approaches.     The  first  was  not  considered 
because  of  the  excess  amovmt  of  form  work  necessary  for  the 
three  arches,  and  the  second  was  not  considered  desirable  from 
anaesthetic  view  point.   The  single  span  was  chosen  because  it 
would  be  the  easiest  to  construct,  more  economical  in  form 
work  and  would  have  a  more  pleasing  appearance  when  completed. 

The  feature  ofl  the  design  is  the  arch  ribs.  In  a 
highway  bridge,  where  the  loads  are  not  excessive,  an  arch 
ring  of  full  width  is  not  necessary.    One  of  the  advantages 
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in  using  ribs  is  that  there  is  a  great  economy  of  concrete 
and  the  general  appearance  of  a  rib  bridge  is  better  than  the 
ring  bridge.    One  of  the  disadvantages  of  this  kind  of  a 
bridge  is  that  the  form  work  is  greater  than  on  a  ring  bridge, 
but  this  is  more  than  o verbal amced  by  the  economy  of  concrete. 
The  width  of  roadway  was  taken  as  36  feet  from  curb  to  curb 
with  8  foot  sidewalks  on  each  side  of  the  roadway.    The 
ribs  are  three  in  number,  spaced  18  feet  center  to  center, 
and  the  sidewalks  are  "cantilevered"  out,  making  the  entire 
width  of  the  bridge  52  feet.    This  makes  the  load  on  each  of 
the  outer  ribs  about  equal  to  that  of  the  center,  so  that  the 
three  ribs  may  be  made  alike. 

Method  of  Design, 


In  the  analysis  of  the  arch  ribs,  the  elastic  theory 
was  used,  following  the  method  developed  in  Tumeattre  and 
Maurer's  "Principles  of  Reinforced  Concrete  uonstruction." 
The  maximum  stresses  allowable  were  as  follows:   concrete, 
local  members,   600#/sq. in. ,  main  arch  ribs,  600#/sq. in,   in- 
cluding temperature;   steel  in  the  beams  and  girders,  15,000^ 
main  ribs  12,  O00#/sq.in.    The  moduli  of  elasticity  were  as 
follows:  steel,  30,000,000#;  concrete,  main  members,  2,Q00,000# 
local  members,  2,000,000#.   The  formulas  used  in  the  design  of 
the  slabs  beams  and  girders  were  taken  from  the  above  booh. 
The  arch  was  analyzed  for  three  for  three  different  cases  of 
loading;  namely  (1)  liveload  over  the  entire  arch,  (2)  live- 
load  on  the  middle  third,  and  (3)  live  load  on  onehalf  of  the 
span  plus  the  dead  load  in  each  case. 


Loadings 

The  live  loads  were  taken  from  curves  given  in  Wadell's 
"DePontibus,"   a  load  of  1500#  per  linear  foot  being  taken, 
extending  over  a  width  of  11  feet,  making  the  live  load  per 
square  foot  of  pavement  equal  to  136#.    This  live  load  was 
used  over  the  entire  floor,  rather  than  to  change  it  for  the 
remaining  7  feet.     The  dead  loads  used  are  as  follows: 
concrete  with  reinforcement,  150#/sq. f t. ,   4  inches  of  wood 
block  pavement  with  a  2  inch  sand  cushion,  38#/sq.ft.     A 
uniform  load  of  100#/sq.ft.  was  used  on  the  sidewalk. 

Method  of  Construction 


xhe  foundations  are  to  be  of  1-2  l/2  -  5  mixture, 
and  all  of  the  remainder  of  a  1-2-4  mixture.     The 
ribs  are  to  be  erected  in  sections  symmetrical  about  the 
center  line  of  the  bridge.     The  first  two  divisions  to 
be  put  in  are  those  at  the  springing  line,  then  the  one  at 
the  crown,  and  lastly  the  two  on  either  side  of  the  crown 
section.     The  end  sections  are  to  be  built  in  pockets,  left 
in  the  abutments,  and  are  fastened  to  it  by  means  of  tie  straps, 
The  object  of  buildiijg  it  up  in  this  manner  is  to  keep  the 
forms  from  bulging  at  the  center,  when  loaded  at  the  spring- 
ing line  and  no  load  on  the  crown. 

The  general  dimensions  of  the  bridge  are  as  follows: 
length  of  span,  150'-  0";  rise  22'-  0".  The  clear  span 
is  148'  -  0"  and  the  overall  length  is  230'-  0".     The  span 


was  divided  into  15  psunels  of  10'-  0"  each.   The  abutment  is 
constiructed  with  an  open  core  in  the  center,  and  is  made  the 
same  length  as  the  panel  for  the  sake  of  uniformity.     The 
approach  fill  is  supported  between  two  retaining  walls 
resting  directly  on  the  masonry  foxxndation,  and  is  connected 
to  it  by  means  of  rods  extending  from  the  masonry. 

Design  of  Floor  Slab, 

Tlie  floor  slab  was  made  10  feet  long  by  18  feet  wide. 
The  reinforcing  bars  were  run  only  in  the  longitudinal 
direction,  the  entire  load  being  asstimed  to  be  carried  to 
the  transverse  floor  beams  which  were  placed  10  feet  center 
to  center. 

Prom  "De  Pontibus" ,  an  equivalent  live  load  of  1500# 
per  linear  foot  of  track  was  found  to  fulfill  the  required 
conditions.     This  was  assumed  to  be  spread  over  a  distance 
of  11  feet,  the  distance  between  track  centers  thus  giving  a 
liveload  of  136#  per  sq.ft.  over  the  car  tracks,  suid  the  same 
value  was  used  over  the  entire  width  of  slab, 

A  floor  slab  8  inches  thich  was  first  assumed.    On 
top  of  this   there  is  to  be  placed  a  two  inch  sand  cushion, 
the  foundation  for  the  wood  block  pavement.     The  load  on 
one  foot  of  slab  10  feet  long  was  2,863#  which  gave  a  bending 
moment  of  43,000  inch  poiinds  (beam  being  designed  as  a  simple 
beam).       Taking  the  allowable  working  stress  of  concrete 


as  600#/sq.in.,  a  depth  of  6"  was  required  to  keep  the 
concrete  within  the  working  stresses,  thus  making  the  total 
depth  8";  2"  of  cumcrete  being  assumed  from  the  center  of 
the  steel  to  the  bottom  of  the  slab.     Prom  the  formula 

Ms 
A  =   

7/8d-fg 

where  A  =  number  of  square  inches  of  steel ,  Ms  =  bending 
moment  taken  by  the  steel,  d  =  depth  of  the  beam,  and  fg 
=  12,000#.      The  number  of  square  inches  of  steel  required 
per  foot  of  slab  was  determined  and  ll/lS"  rods  spaced  6" 
apart  were  found  to  be  sufficient  to  take  care  of  the  tensile 
stresses. 

Design  of  Floor  Beam, 

The  transverse  floor  beam  was  also  designed  as  a  simple 
beam.    The  uniform  load  per  linear  foot  of  beam  was  taken 
as  the  load  per  linear  foot  of  slab  plus  the  load  due  to 
the  weight  of  concrete  in  the  assumed  web  of  the  beam. 
The  area  of  the  beam  was  made  sufficient  of  the  vertical 
shear.     Two  hundred  and  seventy-three  square  inches  were 
required  allowing  100#/sq.in.  for  the  concrete  in  shear.   A 
web  12"x  24"  (to  center  of  steel)  was  found  to  be  the  most 
desirable  considering  the  spacing  of  the  steel.    This 
brought  the  neutral  axis  in  the  web  of  the  beam,  thus  making 
it  necessary  to  design  it  as  a  T-beara.     ifvom   Plate  IX. 
page  283,  of  Turneaure  and  Maurer's  Reinforced  Concrete 
Construction,   fg  being  taken  as  15,CCC,  M/bd^  was  found 


to  be  98,  d  being  known,  the  value  of  b  v/as  solved  for  and 
found  to  be  satisfactory.    From  the  curves  for  j_,  the  value 
of  jd^  was  found.     Everything  v/as  now  known  that  was 
necessary  to  determine  the  required  steel  area,   Ei^t 
7/b"  rods  were  fotind  t4  be  necessary  to  take  care  of  the 
tensile  stresses.    The  rods  were  spaced  in  tv/o  rows,  four 
in  a  row,  three  inches  apart.    It  was  found  necessary  to 
run  four  rods  straight  through  to  develope  the  maximum 
possible  bond  stress.    The  necessary  lengths  of  the  rods 
to  resist  the  bending  moment  v/as  found  from  the  formula 

.2 


where 


Xn  =(l//^(ai  +  ag  fag  .  .  .)' 

Xj^  =  length  of  the  rod 
1   =  length  of  span 
A   =  area  of  the  steel 

a-,,  a^,  and  a^  are  the  areas  of  the  respective 
rods 

The  following  lengths  were  found  to  be  required;  Ist,  6,36'; 
2d,  9.00';  3d,  11.00';  4th,  12.70'. 

Inorder  to  make  a  good  design,  the  first  two  rods  were 
turned  up  so  that  their  ends  were  over  the  support.    The 
next  two  were  turned  up  2  feet  further.    The  stress  per 
square  inch  in  the  rods  for  the  worst  possible  case  was 
found  to  be  11,700#,  allov/ing  30#/sq.in.  to  be  taken  by  the 
concrete. 

The  remainder  of  the  shear  is  carried  by  3/8"  stirrups 
used  in  the  form  of  a  double  loop,  and  spaced  10"  apart  up 


to  a  point  2  feet  from  the  center,  and  from  there  on  the 
spacing  is  to  be  18"  apart.  Sttrrups  are  also  placed 
18"   apart  between  the  bent  up  rods. 

Sidewalk  Slab  and  Floor  Beam. 

The  depth  of  the  sidewalk  floor  slab  was  made  the 
same  thickness  as  the  roadway  floor  slab   (8" )  for  sake  of 
tiniformity.      This  only  required  a  steel  area  of  .v571 
sq.in,,   5/8"  rods  spaced  6"  apart  were  therefore  sufficient 
to  take  up  the  tensile  stress. 

The  side  walk  floor  beam  is  a  cantilever.    The 
maximum  bending  moment  will  therefore  occur  at  the  point 
of  support.     For  simplicity,  the  beam  was  made  12"  wide 
and  26"  deep  at  the  support,  the  same  as  the  roadway  floor 
beam.    The  steel  reinforcing  in  this  case  was  put  in  the 
top  of  the  beam.      Four  7/b"  rods  and  four  5/8"  rods  were 
used,  a  steel  area  of  3.6  sq.in.  being  required. 

DESIGN  OP  MAIN  ARCH  RIjB. 

The  method  of  analysis  used  in  the  design  of  the  arch 
was  based  on  the  elastis  theory  as  given  in  Turneaure  and 
Maurer's  "Principles  of  Reinforced  Concrete  construction." 
A  rib  4  feet  in  width  varying  from  four  feet  in  depth  at  the 
crown  to  five  feet  at  the  springing  line  was  assumed.    The 
method  was  analytical  throughout  with  the  exception  of  the 
determination  of  the  lengths  of  divisions  eind  the  thrusts 
which  were  ontained  graphically. 


The  arch  was  first  divided  into  ten  equal  divisions. 
A  steel  area  of  12  sq.in.  was  assxuned,  which  is  the  equi- 
valent of  about  ,5%   reinforcement.     The  combined  moment 
of  inertia  of  the  concrete  and  steel  v/ere  then  figured  at 
each  of  the  ten  sections,  a  section  being  taken  at  the  middle 
of  each  division.    Prom  the  values  thus  obtained,  the  average 
moment  of  inertia  was  dertermined. 

It  was  necessary  the  rib  into  divisions  of  such  length 
that  "ds/l"  is  constant,  where  "ds"  is  the  length  of  divi- 
sions measured  along  the  neutral  axis  and  "I"  is  the  com- 
bined moment  of  inertia  of  the  concrete  and  steel.   The 
value  of  ds/l  is  equal  to  (sig/n),  where  s=  half  the 
length  of  the  arch  measured  along  the  axis,   i^  =  the  aver- 
age combined  moments  of  inertia  and  n  =  the  ntunber  of 
divisions  in  one  half  of  the  arch.     A  figure  was  drawn 
whose  base  was  equal  to  £  and  divided  into  ten  equal  parts. 
At  the  center  of  each  division,  the  corresponding  reciprocal 
of  the  com.bined  moments  of  inertia  were  laid  off  as  ordinates 
to  some  convenient  scale.     The  ends  of  the  ordinates  were 
connected  by  a  smooth  curve.     The  area  then  enclosed  was 
then  divided  into  ten  equal  parts,  the  resulting  ordinates 
of  each  division  of  area  was  the  Reciprocal  of  the  tm^e  moment 
of  inertia  of  each  section,  and  the  base  the  correct  length 
of  each  division. 

The  center  line  of  the  rib  was  divided  into  the 
lengths  thus  obtained  and  the  corresponding  abscissas  and 
ordinates  from  the  center  of  the  section  scaled  off,  using 


the  crown  as  origin.    The  bending  moment  due  to  external 
loads  at  each  sectifan  were  figured.    As  the  bridge  was 
divided  into  panels  of  ten  feet  each  in  length,  there  were 
consequently  seven  external  loads  on  each  half  of  the  arch 
to  be  considered.     In  the  first  case  where  the  briplge 
was  assumed  to  be  entirely  covered  with  live  load,  each 
external  load  on  the  rib  was  a  constant  plus  the  weight  of 
concrete  in  the  rib  between  the  coltunns,  the  concrete  being 
assumed  as  concentrated  at  these  points.     As  the  loads 
were  symmetrical  about  the  center,  only  one  half  of  the 
arch  had  to  be  considered  in  calculating  the  stresses. 
The  thrusts  at  the  crovm  were  calculated  frdm  the  fonnula 

n'S:my  —  :^m  y 

"°  ~  iH^y^sTni^s] 

where 

n  =  number  of  divisions  in  one  half  of  the  arch, 

m  =  bending  moment  at  any  point  in  the  arch  due 

to  external  loads 

X  &  y  =  ordinate s  at  any  point  on  the  rib  axis 

referred  to  the  crownaas  origin,  and 

all  considered  as  positive  in  sign. 

As  the  summation  of  the  bending  moments  on  the  right  equalled 

the  summation  of  those  on  the  left  of  the  rib,  the  shear  at 

the  crown  was  zero.    The  bending  moment  at  the  crovm  was 

calculated  from  the  formula 

^m  +  2Ho'^y 

2n 

After  having  determined  these  values,  the  total  bend- 


ing  moment  at  each  section  was  calculated  from  the  formula 

U  =  m  ^M^  -^  Hpy  £  V^x 

where 

M  =  total  "bending  moment  at  any  section, 

m  =  bending  moment  at  any  point  due  to  the  external 

loads, 
M  =  bending  moment  at  the  crown,  assumed  as  posi- 
tive when  causing  eompression  in  the  upper 
fibres, 
HQy  =  bending  moment  at  the  crown  due  to  the  thrust, 
V  X  =  bending  moment  at  the  section  at  the  section 
due  to  the  shear  at  the  crown. 
The  bending  moment  due  to  the  shear  at  the  crown  is  considered 
positive  for  the  left  half  of  the  arch,  and  negative  for  the 
right  half. 

By  meeins  of  a  graphical  diagram,  the  thrusts  at  each 
section  were  determined,    Tlie  loads  were  laid  off  to  scale 
on  a  vertical  load  line,  the  thrust  at  the  crown  was  then 
laid  off  to  the  same  scale  in  a  horizontal  direction  at  a 
distance  above  or  below  the  junction  of  the  loads  adjacent 
to  the  crown,  equal  to  the  shear  at  the  crown.    If  the  shear 
was  negative,  it  was  laid  off  downward  from  the  junction,  if 
positive  upward.      By  joining  the  pole  (the  extremity  of 
the  horizontal  line)  with  the  points  of  division  on  the  load 
line,  the  thrusts  at  each  section  could  be  readily  scaled. 
This  was  assumed  to  be  the  true  thrust,  the  shear  at  the 
section  being  negligibi. 
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The  eccentricity  at  any  section  could  now  be  readily 
calculated;  being  equal  to  the  quotient  of  the  bending 
moment  divided  by  the  thrust. 

In  the  second  analysis,  the  middle  third  of  the  arch 
was  considered  as  covered  with  live  load.    The  same  opera- 
tions were  repeated  as  in  the  first  case.    The  shear  at 
the  crown  was  again  zero  as  the  bending  moments  on  each 
side  of  the  crown  were  equal. 

In  the  third  analysis,  the  left  half  of  the  arch 
v/as  assiHced  to  be  covered  with  live  load.    This  condition 
produced  shear  at  the  crown,  as  the  bending  moments  on  the 
left  side  of  the  crown  were  greater  than  those  on  the  right. 
The  same  operations  v/ere  repeated  in  a  similar  manner  to  the 
first  two  cases. 

These  three  conditions  of  loading  were  all  that  were 
considered  necessary,  as  the  greatest  possible  fibre  stresses 
would  be  produced  under  this  variety  of  loading. 

Temperature  Stresses. 

The  arch  was  designed  to  be  constructed  at  an  average 
degree  of  temperature.    Stresses  were  then  figured  for  a 
variation  of  thirty  degrees  Fahrenheit  in  temperature  above 
and  below  that  at  which  the  arch  was  constructed.    The 
thrust  at  the  crovm  due  to  this  variation  of  temperature 
was  calculated  from  the  following  formula: 


EI       c  t  1  n 
H  =  

°     ds  2(n^y2  -  (^y)2) 


where 

E  =  modvili  of  elastieity  of  concrete,  taken  here  as 

2,500,000 

l/ds  =  constant  =  .22908 

c   =  coefficient  of  expansion  =  .000006 

t   =  rise  or  fall  of  temperature  in  degrees 

1   =  length  of  spann  =  150'. 

n   =  niunber  of  divisions  in  one  half  of  the  arch. 

The  summations  of  the  ^  and  y?   refer  to  onehalf  of  the  rib 

only.    The  bending  moment  at  the  crown  is  equal  to: 

Ho^y 

^o  =  -  

n 

The  bending  moment  at  any  section  of  the  arch  was 
then  calculated  from 

M  =  Mq  +  Hoy 

The  thrust  and  shear  at  all  sections  v/ere  then  deter- 
mined by  resolving  the  thrust  at  the  crown  parallel  and 
normal  to  the  rib  axis  at  that  point,  this  being  done 
graphically. 


Fiber_ stresses. 

The  fiber  stresses  v/ere  calculated  from  the  following 
formula 

f c  =  M^/I  ^  N/A 


Cm 


where 

M  =  bending  moment  at  the  section, 

c  =  distance  to  the  outer  most  fiber, 

I  =  combined  moment  of  inertia, 

N  =  thrust  on  the  section, 

A  =  (A^,  +  15 Ag)  transformed  area,  Ac  =  area  of 

concrete,  A  =  steel  area. 

The  maximum  fiber  stresses  at  each  point  and  under  what 
condition  of  loading  are  given  in  one  of  the  following 
tables.    The  fiber  stress  due  to  temperature  changes  were 
combined  with  those  due  to  the  loading. 

The  maximum  resultant  stresses  were  all  foujid  to  be 
too  high.    The  steel  area  was  consequently  increased  to 
48  square  inches  and  the  fiber  stresses  recomputed.    It 
was  unnecessary  to  re-analyze  the  arch  rib,  as  the  moment 
of  inertia  of  each  section  was  increased  in  the  same  ratio. 
This  time,  it  was  only  necessary  to  calculate  the  fiber 
stresses  for  the  loading  which  produced  the  maximum  stress, 
this  being  done  previously  for  an  increase  of  steel  area 
would  not  change  the  condition  of  loading  which  produce  the 
maximum  stress  in  a  member. 

The  maximum  fiber  stresses  all  fell  within  600#/sq,in. 
except  at  point  10  and  the  springing  line.    This  was  re- 
duced by  increasing  slightly  the  area  of  concrete  by  raising 
the  extrados  six  inches  at  the  springing  line,  thus  giving 
the  rib  a  depth  of  5*  -  6"  at  that  point.    This  produced 
a  maximum  fiber  stress  at  point  10  of  607#/sq.in.  which  is 


allowable.    The  fiber  stress  at  the  springing  line  is  also 
within  the  limits  as  it  occurs  in  the  abutment.    The  arch 
was  rounded  off  at  the  abutment  so  as  to  it  an  aesthetic 
appearance ,mwhich  at  the  same  slightly  increases  its  strength. 

Design  of  the  Abutment. 

The  maximiim  thrust  at  the  abutment  occurs  when  the 

bridge  is  fully  loaded  and  amoxmts  to  1,131,000  poimds  per 

rib.    This  is  applied  at  an  angle  whose 

.  138.84  -  2Z 

tan~^ ^  =  570  20'. 
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Trials  v/ere  made  graphically  until  the  resultant  of  the 

thrust  and  the  weight  of  the  abutment  plus  the  earth  fill 

above  came  well  within  the  middle  third.    The  abutment 

was  made  42'  wide  and  built  in  three  different  heights  as 

shown  in  one  of  the  following  blueprints.    Concrete  was 

figured  .at  150^^  per  cubic  foot,  and  earth  as  120#  per  cubic 

foot. 

Design  of  Retaining  Y/all . 

The  purpose  of  the  retaining  wall  is  to  support  the 
earth  fill  between  the  abutments  and  the  end  of  the  bridge. 
Where  the  wall  is  the  highest,  it  will  rest  directly  on  the 
masonry  and  fastened  to  it  by  enough  rods  to  overcom.e  the 
effect  of  sliding.    The  top  of  the  walls  will  be  tied  to- 
gether by  means  of  rods  extending  through  the  floor  slab, 
and  the  wall  itself  will  be  designed  as  a  simple  beam  to 


take  up  the  horizontal  pressure  of  the  earth. 

One  linear  foot  of  wall  will  be  considered  only, 
and  a  thiclcness  of  30"  will  be  assumed  for  trial  thickness. 
As  the  top  of  the  wall  is  tied,  there  will  be  no  advantage 
in  making  the  wall  thicker  at  the  bottom  than  at  the  top. 

The  horizontal  pressure  of  a  column  of  earth  acting 
at  the  center  of  gravity  is  given  toy  the  formula 

P  =  1/6  W  h^ 
where  W  is  the  v/eight  of  earth,  and  h  is  the  height  of  the 
column.    For  a  column  of  earth  23  feet  in  height,  the 
horizontal  pressure  is  10,580#  acting  horizontally  at  a 
distance  of  7  2/3  feet  up  from  the  base.    Taking  moments 
about  the  base  to  find  the  stress  which  will  be  developed 
in  the  tie  rods  of  the  floor  slab,  it  comes  out  to  be 
4,060#,  and  .25  sq.in.  of  steel  per  foot  will  be  required. 
13/16"  round  rods  spaced  every  two  feet  will  be  used.   To 
find  the  amount  of  steel  area  required  to  take  up  the  shear 
moments  were  taken  about  the  steel  in  the  floor  slab.   The 
stress  to  be  overcome  is  7,0S0#  requiring  .708  sq.in,  and  in 
this  case,  1"  rods  spaced  a  foot  apart  will  be  used. 

Considering  the  wall  as  a  simple  beam  with  a  load  of 
10,580#,  a  depth  of  29V)   was  required.    The  wall  was  made  30" 
thick,  1  inch  being  allowed  for  the  steel.    The  area  of 
steel  required  was  l,2sq.in.  per  foot,  and  3/4"  round  rods 
will  be  used  spaced  6"  center  to  center. 
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Design  of  the  Falsework, 

The  water  way  averages  about  8  feet  in  width  and 
no  where  a  foot  deep  in  the  low  water  season,  and  the  hanks 
are  perfectly  dry,  so  there  would  be  no  trouble  in  driving 
piles  for  the  falsework  to  rest  on.     The  bents  were  spaced 
on  15  foot  centers  in  the  middle  of  the  arch,  narrowing 
down  towards  the  abutments  to  10,  8, and  6  feet  respectively. 
Each  bent  is  composed  of  6  piles  in  three  pairs,   the  pairs 
being  18  feet  apart,  each  pair  coming  under  on  of  the  ribs. 
The  bents  are  capped  with  12"  x  12"  timbers,  and  on  top  of 
these  are  6  -  12"xl2"  running  lengthwise  of  the  bridge. 
On  top  of  these  is  another  rov/  of  bents  10  feet  in  height 
eaclj  being  capped  with  a  12'*xl2"  at  right  angles  to  the 
bridge.    The  wedges  are  placed  on  top  of  the  caps,  and 
another  12''xl2"  on  top  of  the  wedges. 

The  ring  was  divided  into  5  foot  divisions,  and 
props  were  erected  to  support  the  laggigg  at  about  5 
foot  intervals.    Taking  the  worst  condition,  that  of  the 
middle  inclined  strut,  the  perpendicular  load  coming  on  it 
is  6,500i-r,  half  of  the  v/eight  of  one  of  the  5  foot  divisions. 
Gordons  formula  was  used  in  determining  the  cross-section. 


f  S 

P  = 

l2 

1  »  

125  h2 


V/here 

P  =  direct  load 


f  =  allowable  stress  (1300#  being  taken  in 

this  case  for  Geogia  pine) 
1  =  length  of  the  member  in  inches 
S  =  area  of  cross-section 
h  =  least  diameter 

Tlie  area  reqired  v/as  68  sq.in.  and  a  6"xl2"  having  an  area  of 
72  sq.in.  was  used. 

For  the  verticals,  the  load  used  was  19,500#,  137 
sq.in.  v;ere  required  and  a  12"xl2"  was  used.    The  12"xl2" 
are  to  come  in  24  foot  lengths,  and  to  be  cut  as  needed. 

The  cross-  bracing  was  made  up  of  entirely  3"xl2"  for 
uniformity.    The  stresses  in  the  cross  bracing  are  in- 
determinate, and  the  number  of  braces  will  be  governed  by 
past  experience. 
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